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emphasized in design education, and tools to facilitate iteration of designs are limited. This study investigated
Design Heuristics as a tool for the further development of initial concepts created by student designers. In a
single session, advanced engineering students created initial concepts, and then used Design Heuristics to
transform these concepts into alternative designs. The concept sets generated were analyzed, and eight types
of transformations were identified, including the enhancement of aesthetics, features, functions, settings,
materials, sizes, organizations, and usability. Design Heuristics supported students’ concept development by
providing specific suggestions about ways to iterate on their initial concepts. As a result, students explored
alternative concepts by producing multiple transformations of their designs, and were more likely to select
these transformed concepts as their most creative, unique, and favourite designs.
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Abstract 
Idea development in the early phases of the design process often involves the transformation of initial concepts 
into more feasible alternatives. However, this important component of design activity is often under-emphasized 
in design education, and tools to facilitate the iteration of designs are limited. This study investigated Design 
Heuristics as a tool for the further development of initial concepts created by student designers. In a single 
session, advanced engineering students created initial concepts, and then used Design Heuristics to transform 
these concepts into alternative designs. The concept sets generated were analyzed, and eight types of 
transformations were identified, including the enhancement of aesthetics, features, functions, settings, materials, 
sizes, organizations, and usability. Design Heuristics supported students’ concept development by providing 
specific suggestions about ways to iterate on their initial concepts. As a result, students explored alternative 
concepts by producing iterations on their designs, and were more likely to select these transformed concepts as 
their most creative, unique, and favorite designs.  
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Introduction 
 
Idea generation in the early phases of the design process is often treated as a single step where ideas are 
produced in one session; then, the ideas generated are evaluated, and one is selected to pursue (Römer et al 
2001; Pahl and Beitz 2007; Jensen and Andreasen 2010). However, this approach passes over idea development, 
where initial design ideas can be built upon, edited, and synthesized with other ideas to make them more 
feasible concepts. This idea development phase can result in a broader collection of possible designs to pursue, 
and may allow designers to consider more non-obvious ideas that are also practical (Fogler et al. 2013; Jensen 
and Andreasen 2010).  
 
Just as it can be challenging to generate new, non-obvious ideas (Jensen & Andreasen 2010), it may be 
challenging for designers to see how their initial ideas can be further developed into alternative concepts. 
Ideation tools can provide strategies and prompts to help designers push past mental blocks (such as design 
fixation; Jansson & Smith, 1991; Purcell & Gero, 1992; Crilly 2015), and facilitate production of new or 
modified ideas. Design tools for idea generation vary in their specificity and foci (e.g., Altshuller 1997; Eberle 
1996), so that applying different tools may yield different approaches to exploration, and different ideas to 
consider. 
 
In this research, we focused on one particular ideation tool, Design Heuristics, developed for product design and 
engineering contexts (Yilmaz et al. 2016). Design Heuristics are a collection of strategies that provide specific 
prompts to suggest differing characteristics that an idea can include (Daly et al. 2010; Daly et al. 2012; Yilmaz 
et al. 2010; Yilmaz and Seifert 2011; 2011; Yilmaz et al. 2016). They were developed from empirical studies of 
engineering and industrial design students and practitioners (Daly et al. 2010; 2012; Yilmaz and Seifert 2010; 
2011), as well as a meta-analysis of award-winning products (Yilmaz et al. 2016). The majority of research on 
the use of this tool has focused on its impact during initial ideation (Daly et al 2016); in this study, we expand 
upon this prior work to focus on the applicability of Design Heuristics during idea development; specifically, 
the types of transformations that occur when applying this tool to initial designs.  
 
In this study, we investigated Design Heuristics as a tool for idea development through iteration of previously 
created ideas. Both educational and professional designers leverage design tools regularly (Kimbell 1982; 
Fogler et al. 2013); however, their use in education may benefit from a better understanding of how to transform 
ideas, and the types of transformations that are facilitated by tool use during idea development. Developing 
design concepts using tools like Design Heuristics may offer support for overcoming the challenges of fixation 
on existing products or initial ideas (Jansson and Smith, 1991; Adamson 1952; Maier 1931; Perttula and Sipila 
2007; Linsey et al. 2010).  
 
Background 
 
Idea development is a design activity that is often overlooked in design process models (Leahy 2014; Römer et 
al. 2001). Often, models include (either together or concurrently) idea generation and idea selection, without the 
acknowledgement that there are differences between these activities. In addition, with an increased emphasis in 
engineering on the ability to innovate (Zhang et al. 2015), more radically innovative ideas may have an 
increased likelihood of selection for further pursuit if they are first explored and developed in greater depth, and 
further refined to make them more comprehensible, detailed, and practical for production.  
 
Idea development captures the process of building on and iterating upon earlier ideas, along with synthesis 
across ideas. The number of “links” between ideas (i.e., the presence of synthesis) has been found to correlate 
with high-quality and creative design processes (Goldschmidt and Tatsa 2005). Synthesis provides an 
opportunity to iterate and build upon original concepts (Laughlin et al 2002), and adding connections or links 
among ideas have been shown to result in more creative and successful design outcomes (Goldschmidt and 
Tatsa 2005). And, of course, iteration on ideas is a tenet in design as a best practice for good outcomes (Design 
Council 2007; Atman et al. 2007). 
 
Limited research exists on how ideas are best developed or transformed during the design process. Polovinkin 
(1985; 1988; 1991) identified heuristics for systems transformations derived from the best practices of problem 
solving by engineers and machine designers from the former USSR. de Carvalho, Wei, and Savransky (2003) 
furthered this research by using an international patent database (Tessari et al, 2015). However, no studies on 
the effectiveness of the system transformation approach have been identified. Recent research has explored 
“idea transformers,” which are single concepts or products with the ability to change their state in such a way 
that the changed state provides new functionality (Singh et al. 2007; Singh et al. 2009; Weaver et al. 2008). This 
work focused on the development of transforming products, such as a chair that can be used as a stepstool, 
rather than characterizing how designs can be transformed into an entirely different concept, with differing 
qualities from the initial design.  
 
One empirical study of idea development found that design teams who built upon one another’s ideas in a 
brainstorming format were not of better quality, as rated by a panel of trained MBA students (Girotra et al. 
2010). Though building upon ideas is a tenant of the brainstorming process (Osborn 1957) in idea generation, 
and is espoused as helpful by design firms such as IDEO (Brown 2009), no existing method has been specified 
for how to build upon initial ideas. How can designers learn to transform their own initial ideas to explore other 
designs, and what design tools may support this iterative process?  
 
Design Tools in Idea Generation 
 
Design tools that give more explicit prompts may be beneficial in building and developing ideas. In a study of 
the SCAMPER technique (Eberle 1996), two groups were compared over two sessions (Moreno et al. 2014). In 
the first session, both groups generated ideas without a tool. In the second session, one group generated more 
ideas without a tool and the second group generated either new ideas, or ideas that built from previous ideas 
they created using the prompts in SCAMPER. As SCAMPER is more intuitive to use in an idea transformation 
setting, it was expected that the technique would more likely facilitate building on ideas than initiating new 
ones. Study results revealed that SCAMPER-inspired ideas were of significantly higher novelty when compared 
to the non-assisted scenario ideas. Additionally, the study found that using SCAMPER led to both fixation and 
de-fixation on early ideas, as students transformed ideas in both minor and major ways. These results suggest 
the need for more research on the trade-offs between novelty and fixation, as well as additional investigations of 
design tools and prompts in idea development.  
 
While transformations of initial ideas can be crucial to ultimate success, designers have been shown to struggle 
with this process, or to not engage in it at all. For example, in one study of sophomore level mechanical 
engineering students, approximately half (14 of 27) of the student teams in the study chose a concept from their 
initial ideation session rather than developing a concept through additional rounds of iteration and synthesis 
(Kramer, Daly et al. 2015). Additionally, while half of the teams synthesized multiple concepts into their 
designs at the concept selection stage, only a few continued to synthesize new concepts into their designs 
between selection and final prototyping. Design teams may feel pressure to converge on their concepts too soon, 
leading to a narrowed search of possible solutions. Including multiple, divergent exploration phases in idea 
development may lead to more iteration and improvements to concepts. Additionally, novice design teams may 
benefit from instruction about how to synthesize ideas. Without synthesis across team members’ concepts, the 
power of the group may be diluted to that of the best performing individual (Diehl and Stroebe 1987; Mullen et 
al. 1991; Paulus and Dzindolet 1993). Even when working alone, individual designers must leverage their own 
work, pulling together the best features of multiple ideas to synthesize into a stronger one.  
 
Ideation tools may benefit students in developing ideas throughout their design processes. However, these tools 
may vary in their applicability to initial idea generation versus the transformation of already-existing ideas. 
SCAMPER (Eberle 1996), for example, is an idea generation technique in which the prompts (e.g., S is for 
substitute and P is for put to other uses) may be more meaningful when applied to an existing concept. TRIZ 
(Altshuller 1997). is another ideation technique in which recommendations apply strategies to an existing 
concept that has already been fully developed, so that contradictions—or the optimization of particular trade-
offs —can be identified (Altshuller 1997). Other strategies such as analogical thinking (Daly et al. 2012; 
Weaver et al. 2010) and morphological analysis (Allen, 1962; Zwicky, 1969) are primarily focused on 
supporting the generation of initial ideas. 
 
Design Heuristics 
Design Heuristics are based on empirical studies from a designer case study (Yilmaz and Seifert, 2010; 2011), 
characteristics of award-winning product designs (Yilmaz et al. 2016a), and protocol studies of designers and 
engineers at varying levels of expertise (Daly et al. 2010; Daly, Yilmaz et al. 2012; Daly, Christian et al. 2012). 
The resulting set of seventy-seven strategies (Yilmaz et al. 2016b) can be used by designers of all skill levels to 
facilitate exploration of the design solution space. The Design Heuristics provide specific prompts to guide 
designers towards non-obvious ideas that are also different from one another (Daly et al. 2012) They also 
support designers in becoming “unstuck” when they are struggling to generate more, and different, ideas (Daly 
et al. 2010; Daly et al. 2012; Yilmaz et al. 2010; 2016a; Yilmaz and Seifert, 2010; 2011). Design Heuristics help 
designers innovate by providing cognitive ‘shortcuts’ to create intentional variation in designs (Yilmaz et al. 
2016b). With more, and more varied, designs generated during the ideation stage, there is greater potential for 
discovering innovative solutions. 
 
To create a tool for designers to use in the idea generation process, the 77 Design Heuristics have been recreated 
as cards including a specific description of a heuristic, an abstract image depicting its application, and two 
examples that show its application to existing consumer products (Yilmaz et al. 2014; Yilmaz et al. 2016). 
Figure 1 shows an example card, and Table 1 provides a complete list of the 77 Design Heuristics (Yilmaz, 
Daly, Christian, Seifert, & Gonzalez, 2014). 
 
 
Figure 1 Sample Design Heuristic card #76, “Utilize opposite surface.” 
 
Table 1 The 77 Design Heuristics (Yilmaz et al. 2016).  
 
 
The majority of past research has focused on idea initiation; when faced with a new design problem, how can a 
new idea be established? Students often applied the same heuristic in multiple ways; supporting the premise that 
just one heuristic can lead to exploring multiple solutions. The work revealed, as a pedagogical tool, engineering 
students using 77 Cards strategy created more complex, creative designs than those without cards (Daly et al. 
2011; Daly et al. 2012a). Recommendations exist for their use to initiate ideas, transform ideas, generate ideas 
for subcomponents of a larger system, and generate ideas in a team environment (www.DesignHeuristics.com).  
 
Method 
 
The purpose of this study was to explore the use of Design Heuristics as a tool to support the transformation of 
ideas into new ideas. The study was guided by the following research questions: 
1. Are students able to produce multiple variations of their existing concepts? 
2. What is the relationship between original concepts and those transformed using Design Heuristics? 
 
Participants 
 
Thirty-one engineering students (17 males, 14 females) at a large Midwestern university participated in the 
study. The student included first year (10), sophomore (5), junior (7), senior (7) and graduate (1) level students, 
and their engineering programs included mechanical (8), chemical (3), material science (2), civil (2), aerospace 
(1), electrical (2), biomedical (4), computer science (3), and 4 undecided.   
 
Materials 
 
The materials for the session included a short PowerPoint presentation on idea transformation using Design 
Heuristics, one problem statement, a practice task, concept sheets for reporting concepts created, Design 
Heuristics cards, and a post survey. The problem statement was created based on one of the Grand Challenges 
for Engineering (http://www.engineeringchallenges.org/challenges/water.aspx) called “Provide Access to Clean 
Water:”  
 
“Design a rainwater harvester system for remote villagers to catch and keep rainwater for use in individual 
homes.” 
 
Concept sheets for recording the ideas generated included instructions to draw or sketch the idea, describe the 
idea (‘how does it work?’, ‘what are the features, mechanisms, and details?’), and identify the origin of the 
concept (‘where did the idea came from?’). Individual packets of Design Heuristics cards were created by 
selecting the first 12 of the 77 Design Heuristics cards (Yilmaz et al. 2016). 
 
A post-study survey asked students to compare their concepts from the two experimental tasks (Initiation and 
Transformation), and to evaluate their concepts for: 1) most creative, 2) most unique; 3) most practical; 4) most 
detailed; and 5) favourite concept. Using a Likert scale, students were to indicate their past experiences using 
Design Heuristics, and rate the initiation and transformation methods for their ease of use. A final question 
asked students to list other ideation methods used during the session. 
 
Procedure 
 
Students worked alone on the design tasks in one 60 minute session, conducted in two groups of 12 and 19. 
First, the students were asked to generate five ideas in 20 minutes on their own for the rainwater problem. They 
were provided with five blank concept sheets as a target for completion.  
 
Next, using a PowerPoint deck, Design Heuristics were briefly described in an introductory lesson lasting ten 
minutes. Students were provided with 12 Design Heuristics cards (Table 2) and given 5 minutes to review them.  
 
Then, the instructor described how to further develop existing ideas using Design Heuristics. The students were 
told to apply Design Heuristics as a means of building upon an existing idea through changes to the design. Two 
techniques were described, and each was shown with examples of a concept (design of a solar oven) and some 
related, iterated designs; these include:  
1. Applying the same Design Heuristic to a concept multiple times to create new concepts. 
2. Using a different Design Heuristic to create new concepts repeatedly.  
Students were asked to practice each technique by applying one heuristic repeatedly to create new designs, and 
by applying different heuristics to the same design.  The practice task was, A new restaurant is opening, and it is 
interested in unique designs. Your task is to design a way to dispense salt and pepper for this restaurant. Then, 
a short, interactive discussion was lead by the educator, guided by the following questions: “What ideas did you 
generate when using the same card multiple times to transform one initial idea?” and, “What ideas did you 
generate using different cards to transform one initial idea?”  
 
Next, students were asked to spend 20 minutes generating five new concepts by building upon their own initial 
concepts using the 12 Design Heuristics cards. Students were told to pick any of the cards and any of their initial 
concepts, and that they could build from the same concept more than once. Students completed a new concept 
sheet for each iterated concept, and indicated which initial concept served as the basis for each new concept. At 
the end of this second idea generation session, students completed a short post-survey. The students reported 
their top choice among all of their concepts for the most creative, most unique, most practical, most detailed, 
and overall favorite concept. They also reported their past experience using Design Heuristics, and the perceived 
ease of use for the brainstorming and Design Heuristics methods. Figure 2 provides a summary of the study 
activities in the session. 
 
 
Figure 2 Session activities included 20 minutes of initial concept generation, a short training session on 
Design Heuristics and Transformation, 20 minutes of transforming Initial concepts, and a post-survey. 
 
Data Analysis 
 
The data analysis included a focus on the differences between the Initial concepts and the Transformed 
concepts. First, we compiled the Initiation concepts and matched them to the transformed ideas using students’ 
reports. Then, these concepts were compared for characteristics through a coding scheme that included 6 
primary descriptions of change, called transformation types. One coder read all of the concepts and created 
candidate categories of transformation types. These categories included aesthetics, features, functions, materials, 
organization, setting, size, and usability. Two coders (one a designer, one an engineer) then independently coded 
the full data set while blind to information about heuristic use (as reported by students).  Cohen's kappa was 
applied to determine the interrater reliability between the two coders for each of the types, and ranged from .628 
to .86 for the eight types, showing “substantial to near perfect” reliability (Landis and Koch, 1977). A third 
coder then reviewed and resolved any disputed codes. 
 
Results 
 
The 31 students generated a total of 288 concepts across the two sessions: 145 (50%) were Initial concepts (M = 
4.67, STDEV = 0.65). All students created at least three initial concepts, with 28 completing a fourth, and only 
24 completing a fifth initial concept (see Table 2).  
 
In the second design task, where students transformed these initial concepts using Design Heuristics, 143 
alternative concepts were generated (M = 4.61, STDEV = 0.91). All students generated a first transformed 
concept, and only one or two fewer students were unable to generate their 2nd, 3rd, and 4th transformed concept. 
However, as in the first design task, only 24 students generated all five requested concepts in the time allotted.  
 
Table 2  Generated initial and transformed concepts and associated Design Heuristic use.  
 
Initial Concepts  
1 2 3 4 5 Total  
Number of initial concepts 31 31 31 28 24 145 
Number of transformed concepts 31 30 29 29 24 143 
Number of Design Heuristics reported 55 54 50 51 46 256 
 
Of the initial concepts from the first design task, 98.6% were transformed into a new concept in the second task 
using Design Heuristics: Only two concepts were omitted. Each student had noted which of the Design 
Heuristics they had applied within each of their transformed concepts. Over all students, Design Heuristics were 
reported 256 times in iterating on an initial concept, indicating multiple applications of heuristics in the 
generation of individual transformed concepts (M = 1.8 per transformed concept). The use of Design Heuristics 
was evenly distributed across the five concepts created in the Transformation phase.  
 
Generate 5 Initial Concepts
Training:  
Iterating with 
Design Heuristics
Create 5 Iterated Concepts with 
Design Heurstics
Post 
survey
The number of applications for each of the heuristics in the iterative design stage ranged from 35 (DH#3 “Add 
natural features”) to 5  (DH#12, “Animate”) (see Table 3). Frequency of use may be influenced by the sequence 
of the cards in the deck provided (if students attempted to apply the cards in a sequential order).  
 
Table 3 Frequency of Design Heuristic use reported by students in the transforming concepts task. 
 
Card Number Design Heuristic Reported Instances 
1 Add levels 27 
2 Add motion 25 
3 Add natural features 35 
4 Add to existing product 33 
5 Adjust function through movement 20 
6 Adjust functions for specific users 6 
7 Align components around center 18 
8 Allow user to assemble 18 
9 Allow user to customize 29 
10 Allow user to reconfigure 25 
11 Allow user to reorient 15 
12 Animate 5 
 
Total 256 
 
Concept Transformations 
 
The transformed ideas were analysed qualitatively based on the characteristics changed between the reported 
initial design and the iterated design (see Table 4). From this analysis, changes to design features most 
frequently occurred, with 114 instances among the 143 concepts. The least frequently occurring transformation 
type was “organization,” with 11 instances observed. Among the concepts, 312 different changes were 
identified, showing that students made multiple changes to a given initial concept (M = 2.18, STD = 0.91). 
 
Table 4 Transformation types observed and the occurences across all transformed concepts.  
Transformation Definition Example Change Frequency Cohen's kappa 
Aesthetics 
The concept was changed in 
appearance to increase appeal 
to an intended audience. 
Michigan logo painted on 
storage tank. 16 0.86 
Features 
An aspect or attribute of the 
concept was modified or added 
without changing function. 
Water collection 
component expands and 
contracts depending on 
rainfall. 
116 0.63 
Functions 
The purpose of the main or a 
component task was changed 
in the concept. 
The design now transports 
water to destination rather 
than only storage. 
24 0.82 
Material 
The substances were modified, 
or a component made of a new 
material was added.  
The new pipe material 
enhances water flow. 16 0.63 
Organization The new concept changed the order of operations. 
Instead of collect, filter, 
transport, and store, new 
system collects, stores, 
11 0.80 
filters, and transports 
water. 
Setting 
The environment was altered, 
or the concept was moved to 
another environment. 
Relocated from next to a 
house to a wooded area. 34 0.70 
Size 
The whole (or part of) the 
concept was altered to decrease 
or increase number or spatial 
dimensions.   
Three water wheels are 
used rather than one. 47 0.70 
Usability The concept was altered to address the user’s experience. 
The new concept has an 
adjustable hinge so the user 
can change its position 
48 0.78 
 
Examples of each type of observed transformation are shown in Figure 3. Each example presented includes an 
initial concept created (without the Design Heuristics), and the transformed concept reported with one or more 
of the Design Heuristics. For example, in the context of an Aesthetics transformation, one student’s initial ideas 
was described as “rain from clouds falls onto roof of building and then falls down the roof into the water 
collection basin sitting by the edge of the roof.” This idea was transformed with DH#3: “Add Motion,” and 
DH#9: “Allow user to customize,” through which the new concept “Adds a piece of wood to use as a filter 
medium for both functionality and availability and aesthetics. Adjust size of basin per family’s usage allows for 
either a small or large amount depending on the family’s need.” In this case, applying more than one Design 
Heuristic also resulted in other types of transformations, including materials, size, and usability. 
 
Figure 3 Examples of initial and transformed concepts (and specific Design Heuristics reported by each 
student) for each of the eight transformation types. 
 
Type of 
Trans-
formation 
Initial Concept and description     Transformed Concept and description 
Aesthetics 
(Add natural 
features, 
Allow user to 
customize) 
 
Rain from clouds falls onto roof of 
building and then falls down the roof into 
the water collection basin sitting by the 
edge of the roof.   
  
Adds a piece of wood to use as a filter medium 
for both functionality and availability and 
aesthetics. Adjust size of basin per family’s 
usage allows for either a small or large amount 
depending on the family’s need. 
Features 
(Add natural 
features, 
Animate) 
 
Solar powered rain catch that detects 
when it’s raining and deploys the rain 
catch. Automated, solar power.  
 
Make collection dish look like flower petals. 
Improved visuals 
Functions 
 (Add to 
existing 
product) 
  
Collar has cushions, absorb water when 
rolled over. 
Roller can be attached to bike to make 
collection faster. 
Material  
(Add Levels, 
Add Motion, 
Animate) 
 
A gutter is connected along the side of the 
roof. Rain collects in the gutter, and there 
is then a pipe that connects to a drum 
where the water can stay. 
 
The pipe connected to the drum is now flexible 
and the drum is flat and can be mounted to the 
wall. It expands when filled with water.  
Organ-
ization 
(Allow user 
to 
reconfigure) 
 
The water falls on plants, some percolates 
into soil, through porous membrane, goes 
into shallow container to filtration and 
then into underground storage.  
 
Rearrange order, if you want direct filtration 
and a lot of storage, or change order of 
filtration. 
Setting  
(Add natural 
features, 
Allow user to 
assemble) 
 
Stretching a tarp (or other material) out 
(mid-air, not on the ground) between two 
houses and attaches it (so it’s stretched 
flat) with bungee cords. When it rains, 
water would collect… if, at the center, 
there was a small funnel of sorts, could be 
deposited into a basin.   
 
Can be stretched between 2 trees or 2 poles– 
whatever you want. 
 
 
 
 
 
 
Size 
(Add natural 
features, 
Allow user to 
customize, 
Allow user to 
customize) 
 
Similar to a hollowed out stake with a 
screened top, this can be placed all 
around a property so as to collect rain 
more mobiley. Intended to be used in 
number to be most effective. 
 
To give more area to the rain catching stake, it 
can now fold open more when it needs to more 
efficiently collect. 
Usability 
(Align 
components 
around 
center) 
 
Hydrophobic surface would extract water 
continuously filtering system would be 
different levels of gravel. Additionally! 
Solar panels to power device.  
 
 
The product filters rain water as it is collected 
through the main channels. The outside of the 
funnel powers the device with solar panels. The 
power is used for self-cleaning and filtration, so 
everyone has one. Not a farm.  
 
Of the 143 concepts, a single type of transformation was observed in 15% of concepts (see Table 5.).  Only three 
reported instances of Design Heuristic use were not captured in at least one type of transformation. The Design 
Heuristics cards #8 ‘Allow user to assemble’ (two concepts) and #12 ‘Animate’ (one concept) were reported in 
a transformation of an initial concept, but their specific use was not identifiable as one of the transformation 
categories. In all other cases, the application of one or more of the Design Heuristics resulted in 2, 3 or 4 
observations of transformation types in the transformed concepts (See Table 5). Figure 4 shows several 
examples of initial and transformed concepts in which multiple types of transformations were identified. 
 
Table 5 Number of different transformations observed in individual transformed concepts. 
 0 1 2 3 4 
Count / Instance: 0 21 64 50 7 
Percentage: 0% 15% 45% 35% 5% 
 
Figure 4  Examples of Initial (left) and Transformed (right) concepts coded with multiple 
transformations. 
Initial Concept     Trans-formations Transformed Concept 
 
When it rains, on top of the house we have 
a pipe attached to the roof and all the water 
drains down and gets filtered and goes into 
 
Aesthetics 
Features 
 
 
Instead of having a regular building water 
deposit tank. 
 
 
 
removal system, we will add more 
aesthetics to it. The house captured the 
water that water will then concentrate then 
fall to make waterfall to create more natural 
look (i.e. can add some flowers on the pipe.) 
 
Central rain water catchment system. 
Slanted roof directs rain into the container. 
Stir system ensures movement of water to 
prevent stagnation when water is need it is 
pumped to houses.  
 
Material  
Usability 
Features 
 
  
Have garden on top and wooden storage 
container exterior will store water. 
Transport water to home and have 
immediate access. 
 
Two folding mechanisms for nearby 
houses hang from the roofs and fold up 
during storms, drain into reservoir tanks.  
 
 
Settings  
Size  
Features  
Functions  
Fold up– added more houses. Additionally 
provides an area for shelter during the storm 
will fold up in a specific order so they fit 
together and prevent leaking. 
 
 
Relationship of Design Heuristics to Transformation Types 
 
Next, we considered the relationship between the Design Heuristics reported for each transformed concept and 
the type of transformation observed. Does a particular heuristic (when applied alone) result in the same type of 
transformation across concepts? Table 6 shows the transformation type observed for each of the 12 Design 
Heuristic cards used to transform concepts for only instances where a single Design Heuristic and 
Transformation occurred (62; 24% of the overall Design Heuristic uses reported). 
 
Table 6 Transformed Concepts reported with a single Design Heuristic and the types of transformation 
observed. 
 
Design 
Heuristic 
One Card 
Concepts 
          Type of Transformation 
Feature Function Aesthetic Setting Material Size Organi-zation Usability 
1 Add levels 7 7 3  1 1 2 2 2 
2 Add motion 9 7 6   1 1 1 2 
3 Add natural features 9 8 2 4 4     
4 
Add to 
existing 
product 
13 11 9   2 4 1  
5 
Adjust 
function 
through 
movement 
4 4 1  1  1  1 
6 
Adjust 
functions for 
specific 
users 
1 1 0    1  1 
7 
Align 
components 
around 
center 
8 4 1  4  3 1  
8 Allow user to assemble 2 1 2       
9 Allow user to customize 6 6 2 2  1  1 2 
1
0 
Allow user 
to 
reconfigure 
1 0 0     1  
1
1 
Allow user 
to reorient 1 1 1      1 
1
2 Animate 1 1 0       
 Total 62 51 27 6 10 5 12 7 9 
 
These results demonstrate that the application of a single heuristic resulted in more than one type of 
transformation; so, one Design Heuristic was not always interpreted in the same way by students. This led 
individuals to explore different kinds of transformations even when using the same Design Heuristics card on 
their initial designs. For example, DH#1 “Add Levels” was evident in 7 different students’ concepts, which were 
coded as representing five different types of transformations, including Setting, Material, Size, Organization, 
and Usability (see Figure 5). 
 
Figure 5 Examples of students’ varying applications of one heuristic (DH#1 “Add Levels”) and the 
observed types of transformations. 
 
Original idea and description     Type of Trans-formation Transformed idea and description 
 
More sophisticated filtration system with 
trays for easy cleaning of filters. 
Integrated with boiler for purification.  
Organization 
 
Usability 
  
Spouts shoot out from water tank based on 
level of purification needed. 
 
 
 
 
 
 
 
 
Water for roof of house -> PVC gutter -> 
plastic tank. (individually sized tanks)– 
each house  
 
 
 
 
 
 
 
 
 
 
 
 
Size  
Smaller tanks– accommodate varying 
water qualities better. 
 
 
A tarp of some kind stuck between trees 
to catch rain, very low cost.   
Material 
 
Organization 
 
 
There is a net on top of the tarp which will 
keep debris from getting into the water. 
 
 
 
 
Manipulate terrain so that runoff will 
travel and flow into one well-line area 
Setting 
 
 
Terrain will be manipulated so that runoff 
will go off a hill-type area similar to a 
waterfall 
 
 
This provides filtration through a sand 
filter to remove large to pick particulates 
in the rainwater.  
Size 
 
 
 
It adds additional level to move more 
filtration and slow water flow. 
  
Collect water from roof. Let multiple 
tubes lead the water to the hole. Water 
can get by the basket and pulley. 
Size 
 
 
Add multiple layers of collectors. 
 
 
 
Basically this is a deep hole on the 
ground that allows rainwater to flow in. 
the water can be get by the basket and 
the pulley. The depth of it ensures that 
water is kept at a dark and cold place. So 
it won’t vaporize easily. 
Usability 
 
 
Block the basket from entering the bottom 
level of the container as the water quality 
there is lower. 
 
However, some heuristics appear to be related to specific transformation types. For example, “Add natural 
features” (DH 3) resulted in transformations identified as either aesthetics or setting. Other heuristics were 
observed infrequently in isolated use, resulting in limited data for comparison.  
 
On the post-survey, students were asked (in separate questions) to choose one of their generated concepts as 
their most creative, most unique, most practical, most detailed, and their overall favorite concept. The observed 
ratio of initial to transformed concepts generated was 145 initial and 143 transformed, or 1.01.  Students chose a 
transformed concept more frequently for their most creative concept (67%; p < .05), their most unique concept 
(70%; p < .05), and their favorite concept  (83%; p < .05). The most practical (47%, n.s.) and most detailed 
(60%, n.s) concept choices showed no session preferences. This suggests that students preferred their 
transformed concepts created using Design Heuristics over their initial concepts created through brainstorming. 
 
Regarding their past experience with Design Heuristics, 77% of students reported some, little, or none, and 63% 
reported “never” or “rarely” using the method (though it is offered in some engineering courses and workshops 
on campus). Only 17% reported they felt the initial, brainstorming idea generation session was “easy” or “very 
easy,” while 80% reported they found the second session with Design Heuristics to be easy or very easy. When 
asked to report any other idea generation strategies they had used in the session, 87% provided an answer, and 
65% of these are characterized as using “analogies to existing products.” 
  
Overall, students’ concepts show their application of Design Heuristic cards to redesign their initial concepts 
resulted in eight different types of concept transformations. Student applied the cards both individually and in 
combination to develop their initial concepts into redesigned concepts. Additionally, students’ use of the same 
heuristic did not always lead to the same type of transformation, suggesting the heuristics can be flexibly 
applied to create different types of changes. Thus, in this study, the Design Heuristic cards provided support to 
students in further concept development without prescribing specific ways to transform concepts.  
 
Discussion 
 
The Design Heuristics were successfully used by students to transform their initial concepts into new candidate 
designs, adding more variety to their resulting concepts. For some concepts, students applied a single heuristic, 
and in other cases, applied multiple heuristics in the same transformed concept. The use of the Design Heuristics 
to further develop concepts resulted in the observation of eight different types of transformations, including the 
enhancement of features, functions, aesthetics, settings, materials, sizes, organizations, and usability. This 
suggests the heuristics facilitated exploration of possible concepts in diverse ways, resulting in variations in 
designs to achieve the desired functions, as well changes in aesthetics and usability. Design Heuristics did not 
lead students to the same types of transformation, suggesting they provide specific suggestions for concept 
transformations without prescribing a specific way to implement that feature within a design. As a result, 
students pursued broader explorations of alternative concept designs.  
 
The study results contribute to our understanding of how iteration in design development can be facilitated using 
Design Heuristics. Prior work has emphasized the value of iteration in the early design process (Atman et al. 
2007; Chusilp and Jin 2006; Daly et al. 2011; Daly et al. 2012; Design Council 2007; Goldschmidt and Tatsa 
2005; Jin and Chusilp 2006; Laughlin et al 2002; Smith and Eppinger 1997; Yilmaz et al. 2010), as well as the 
challenges students face in developing their own early ideas (Kramer et al. 2015). The results from this study 
also suggest a typology for describing types of transformations in the design development phase. More explicit 
ways to talk about the value of development by building on current designs can help to create more intentional 
practices for students to apply when attempting to iterate on their designs. These findings suggest ways to 
support designers in setting goals for types of transformations they might consider as they develop their 
concepts. 
 
The outcome of this work also add to the body of knowledge about how Design Heuristics can be utilized in the 
idea generation process. Previous work identified successful outcomes when used to generate ideas during early 
ideation (Yilmaz et al. 2010; Daly et al. 2011; Daly et al. 2012; Kramer et al. 2015). The present study adds a 
different function for Design Heuristics in transforming existing ideas into new concept variations. Because 
students struggle to develop their ideas, and often select an early idea as their final choice (Kramer et al. 2015; 
Linsey et al. 2010; Jansson and Smith 1991), using Design Heuristics to iterate on existing ideas may help 
students to develop their early ideas. The resulting interated concepts may include variations that are more 
different from known designs, and in the study, were reported as more creative and unique.  
 
As a classroom study, there are limitations to the generality of these conclusions. Working individually within a 
classroom setting may be typical for design instruction, but practicing designers and advanced courses often 
include team design. The study also provided a single design task for all students, and they likely had little 
personal investment or motivation compared to problems they might select. However, the design problem 
presented was representative of problem scenarios often found in education settings at lower levels of education. 
In addition, the limited time allotted (20 minutes) for idea generation did not allow for important processes such 
as the incubation of ideas over time (Tsenn et al. 2014). The  study also focused on conceptual ideation, with no 
opportunity to engage in other design process phases such as research, prototyping, or interviewing users. 
Finally, only 12 of the 77 Design Heuristics were included in the study in order to compare ideation across 
students; as these were the first 12 in alphabetical order, there is no reason to suspect different results would 
occur with different subsets of the Design Heuristics. However, differences in transformations across problems 
and heuristics are likely to occur; therefore, other studies may reveal additional types of transformations. 
 
Educational approaches in design could benefit from a better understanding of how to transform ideas, and the 
types of transformations that can foster idea development. Idea development is a design activity often 
overlooked in design process models (Leahy and Phelan 2014; Römer et al. 2001). Often, idea generation and 
idea selection are considered together, without acknowledgement that there are differences in these activities. 
Idea development in the early phases of the design process often involves the transformation of creative 
concepts into more feasible alternatives. This important component of design activity is often under-emphasized 
in design education, and tools to facilitate the investigation of iterative designs are limited. In this study the 
Design Heuristic cards provided a tool to assist students in further concept development without prescribing 
specific ways to transform concepts.  
 
Learning to transform initial concepts with Design Heuristics provides students with assistance in the task of 
developing their ideas through iteration. By facilitating the consideration of more, different designs, students 
learn to create alternatives to their initial concepts, and to broaden and deepen their concepts to incorporate 
more qualities. In particular, transforming initial ideas with Design Heuristics offers a supportive strategy for 
overcoming the challenges of fixation on existing ideas (Adamson 1952; Jansson and Smith, 1991; Linsey et al. 
2010; Maier 1931; Perttula and Sipila 2007).  
 
Existing idea generation practices, predominantly natural “Brainstorming” in engineering, fail to support 
students by guiding them in the generation of alternative concepts. Other ideation strategies, such as TRIZ 
Altshuller 1997) require more specific knowledge and training for initial use, often not available in design 
education with students at lower levels of design education. Consequently, the applicability of Design Heuristics 
as a support tool for students in idea development provides an effective method for students to explore their 
initial ideas through iteration, and to experience benefits from exploring more unique and creative ideas.  
 
Conclusion 
 
This study demonstrates that Design Heuristics provides a means to support students as they develop their initial 
ideas through iteration. The results showed the use of Design Heuristics supported iteration and concept 
development when used to transform initial ideas. Eight different types of transformations were identified in the 
transformed concepts, including aesthetics, features, functions, setting, material, size, organization, and 
usability. Idea development with these transformations can facilitate broader explorations of potential designs, 
and encourage designers to consider alternative directions for their ideas that are more unique and creative. In 
educational settings, idea development through transformations can both facilitate broader explorations of 
potential designs, and provide experience with the value of considering a larger set of candidate designs. 
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